Peripheral hyphae were separated from the remaining thallus of Rhizoctonia solani in exponential and stationary phases of growth. The QO2 in whole cells of peripheral hyphae from young fungal colonies was on the average 2.6 times and the protein content 1.6 times greater than in peripheral hyphae from old fungal colonies. The overall rate of amino acid uptake was less in old than in young fungal colonies. In a polyuridylic acid-polyphenylalanine incorporating system, the two kinds of peripheral hyphae required ribosomes, supernatant fraction, polyuridylic acid, soluble ribonucleic acid, adenosine triphosphate, and pyruvate kinase. The rate of polyphenylalanine synthesis in old fungal colonies was slower than in the young fungal colonies. The ribosomes and supernatant fraction of the young and old fungal colonies were interchangeable and active. The factor responsible for deficient protein synthesis in old fungal colonies appears to be in the soluble fraction of the mycelium.
sections of the thallus selected at various radial distances from the point of origin can be defined by age/time criteria and provide a relatively uniform group of cells suited for study of aging, assuming that age is duration of time in which cells existed as a distinct entity. Previous investigators have examined changes which occur in fungal colonies by comparing cells of different ages (2, 6, 7, 9, 11, 12, 14, 17, 23, 24) from fungal mats. This study was undertaken to determine some biochemical changes which occur only in peripheral hyphae, collected from fungal colonies in exponential and stationary growth phases.
MATERIALS AND METHODS
Culture techniques. A culture of R. solani Kuhn obtained from J. W. Gerdemann, Department of Plant Pathology, University of Illinois, was maintained in a petri dish on glucose-asparagine-agar medium. Discs (5 mm diameter) from the periphery of a petri dish culture were inoculated on the surface of 5,500 ml of liquid glucose-asparagine medium, contained in cylindrical Pyrex glass chambers (40 cm diameter, 30 cm high). The volume-to-surface ratio (ml/cm') was 4.3:1. The composition of the medium was as follows: D-glucose, 69 g; DL-asparagine monohydrate, 5.5 g; KH2PO4, 2.25 g; MgSO4-7H20, 1 .35 g; trace elements, 11.0 ml [consisting of FeSO4-7H20, 5 .0 mg; ZnSO4*7H20, 4 .4 mg; MnSO4 * 1H20, 2.7 mg; CuS04 -5H20, 0.4 mg; (NH4): Mo7024-4H20, 1.8 mg; CaC12, 4 .5 mg; NaCl, 2.6 mg; distilled water to 1,0001 ml]; in a total volume of 5,500 ml. The medium in the jars was sterilized at 121 C for 25 min. The large amount of medium was used to diminish the effect of toxin that might be produced by the fungus. Each vessel had four cotton-plugged holes in the steel-made top of the cover, permitting free air passage for fungal respiration. The cover supported a stainless steel rod with U-shaped tip and a cork (8 mm diameter) attached to its tip, which extended down to the surface of the medium. The inoculum was placed on the cork, and the rod was adjusted so that the inoculum would touch the surface of the liquid medium. The routine cultures were incubated in vessels kept in a Plexiglas hood, under constant fluorescent light at 26 C. The mycelia formed a circular mat that increased in diameter until the 9th day, when a complete cessation of growth took place. At this time, the usual distance of the peripheral hyphae from the vessel's wall was approximately 30 mm. Peripheral hyphae from 4-dayold (80 mm diameter) and 9-day-old (260 mm diameter) cultures were cut out with a spatula up to 5 mm from the outer edge of the mycelial mats.
Respiration. Oxygen consumption calculated as ,u liters of 02/mg of dry weight was measured by standard manometric techniques at 29.5 C (19). Peripheral hyphae were harvested and washed on membrane filters (type HA, 0.45 ,um pore size; Millipore Corp., Bedford, Mass.) by adding an equal volume of prechilled potassium phosphate buffer (0.05 M, pH 7.0) followed by filtration. The washing was repeated three times in less than 3 min. Care was taken to avoid drying the cells on the filter. The washed peripheral hyphae were placed into the main compartment of Warburg flasks containing the same medium that had been used for cultivation of the fungus.
Similar experiments were performed with blended METABOLIC DIFFERENCES IN R. SOLANI HYPHAE cell suspensions of peripheral hyphae. Approximately 0.5 g (wet weight) of cells in 5 ml of potassium buffer (0.05 M, pH 7.0) was blended for 30 sec with a metal "micro" Waring Blender at 4 C. The cell suspension was starved for 2 hr in Warburg flasks, and 50 ,umoles of glucose was added. Dry weight was determined on equal separate volumes of the suspensions.
Protein content. Peripheral hyphae from 4-and 9-day-old fungal colonies were washed with prechilled distilled water. Excess water was removed by evaporation at 37 C for 30 min, and samples of between 500 to 1,000 mg were used for the analysis. Acidwashed sand (0.5 g) was added to each sample in a prechilled mortar, and 0.05 M tris(hydroxymethyl)-aminomethane (Tris) buffer (pH 7.0) containing 0.8 M sucrose was added slowly. This mixture was ground with a pestle for approximately 5 min until a final ratio of hyphae to buffer equalled 1:5 (w/v). The slurry was centrifuged at 10,000 X g for 30 min at 4 C, and the supernatant solution was tested for protein by the method of Gornall et al. (4) with serum albumin used as a standard. In addition, the pellet from the centrifugation was stirred with 1 N NaOH and its protein content was estimated as before.
Nucleic acids content. The isolation and quantitative estimation of deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) of the cells were made as described previously (5, 3, 1) .
Incorporation of amino acids. The techniques applied previously in similar types of experiments (6) were modified as follows. Whole cells were placed in 250-ml Erlenmeyer flasks with 10 ml of distilled water. After allowing the suspension to come to room temperature for 5 The pellet from (ii) was ground with 5% trichloroacetic acid (1:2, w/v). After standing for 60 min at 4 C, the suspension was centrifuged. (iv) The residue from step (iii) was mixed with 10% trichloroacetic acid (1:2, w/v), heated for 30 min in a 90C water bath, cooled to room temperature, and centrifuged. The radioactivity in the pellet remaining after these treatments (chitin, cellulose, etc.) was determined by using formamide as described above for total radioactivity uptake. The supernatant fluid from (i) represented the free amino acids, from (ii) lipids, from (iii) low molecular weight compounds, and from (iv) nucleic acids. The radioactive measurements of the supernatant solutions were made by neutralizing the samples with NaOH, if necessary, and placing 0.1 ml into a scintillation vial containing scintillation solution prepared as follows: 600 ml of toluene, 385 ml of 95% ethanol, 3.44 g of 2,5-diphenyloxazole (PPO), and 14.8 mg of 1,4-bis-2-(5-phenyloxazolyl)-benzene (POPOP). 'IC-toluene internal standard was used to determine the counting efficiency of each fraction. The disappearance of radioactivity from the incubation mixture was measured by counting samples before and after incubation.
In vitro protein synthesis. Freshly collected cells were washed with prechilled redistilled water on a Buchner funnel at 4 C and mixed with buffer (1:1, w/v) consisting of: 0.2 M Tris-chloride buffer, pH 7.8; 0.4 M sucrose, 0.01 M magnesium acetate, 0.06 M potassium chloride, 0.2 M 2 mercaptoethanol, and 0.003 M reduced glutathione; the cells were then broken at 20,000 psi in a French press. The homogenate was centrifuged at 20,000 X g for 20 min at 4 C, and the pellet was discarded. The supernatant solution was centrifuged at 30,000 X g for 30 min, and again the pellet was discarded. The supernatant was centrifuged in a Beckman model L-2 ultracentrifuge at 105,000 X g for 3 hr. The supernatant solution was passed through a Sephadex G-25 coarse column (2.2 by 25.0 cm). The effluent (S-105) contained all the aminoacyltransfer RNA synthetases and some transfer enzymes. The pellet from the 105,000 X g centrifugation was resuspended in the same buffer as before, except that sucrose was omitted and 0.0001 M ethylenediaminetetraacetic acid (EDTA) was added. The suspension was centrifuged at 10,000 X g for 10 min at 4 C. The pellet (denatured materials) was discarded. The supernatant solution was centrifuged at 105,000 X g for 150 min at 4 C, and the final supernatant fraction was discarded. The pellet now contained ribosomes (P-105). Both S-105 and P-105 were used immediately as components of the incubation mixture in protein assays, since both components were inactive when stored for more than 48 hr in liquid nitrogen. The protein content in S-105 was determined by the Lowry method (10) with serum albumin as a standard. The RNA content of P-105 was determined by mixing P-105 with water (1:400, w/v) and measuring the absorbency at 260 nm. The molar extinction coefficient value was established with yeast RNA as a standard (18) .
The components of the incubation mixtures for in vitro protein synthesis were similar to those described elsewhere (14) . The concentrations of P-105 and S-105 were different in each experiment, and the total volume always was 0.5 ml. Because of the danger of bacterial contamination, freshly sterilized water was used in all experiments. The Reagents. Tris, 2-mercaptoethanol, reduced glutathione, adenosine triphosphate (ATP), phosphoenolpyruvate (PEP), guanosine triphosphate (GTP), pyruvate kinase, polyuridine, and yeast soluble RNA were obtained from Sigma Chemical Co. Serum albumin was from General Brochemicals, L-phenylalanine-U-_4C (specific activity 369 ,uCi/,umole) and L-amino acids-U-'4C (mixture of 15 amino acids with specific activity, varying from 116 IACi/gmoles to 400 $Ci/JAmole) were from New England Nuclear Co., the scintillation reagents were from Packard Instrument Co., and all other chemicals were reagent grade.
RESULTS
Surface cultures of R. solani grew in a typical sigmoid curve fashion (Fig. 1) . The growth rate increased until the 4th day and then decreased to almost zero on the 9th day (Fig. 1) In repeated experiments with different inocula of R. solani, the protein in peripheral hyphae of colonies was 14.2% of dry weight in young and 7.6% of dry weight in old colonies. The incorporation of L-aminO acid-U-14C mixture into the protein fraction of peripheral hyphae after 60 min was less in the old than in the young colony (Fig. 2) . Most of the radioactivity was found in the free amino acid and protein fractions of both old and young peripheral hyphae. Prior to incubation, the total amount of '4C from amino acids was similar in all fractions from both young and old peripheral hyphae. For proteins, the percentage of the total amount incorporated in the cell increased with time in young cells. In old cells there was a greater initial incorporation at 30 min, and then a decrease. In corresponding time intervals, the amount of 14C in the ethanol fraction decreased in young hyphae, but did not change materially in old peripheral hyphae (Fig. 3) . Trace amounts of radioactivity were found in cold and hot trichloroacetic acid and final pellet fractions. Incorporation into the lipid fraction did not follow any constant pattern and was equal in both types of hyphae.
The cell-free systems resembled those described earlier (14) and were capable of carrying on protein synthesis. In both young and old cells of peripheral hyphae, the incorporation of L-phenylalanine-U-'4C into protein was reduced 99% when the P-105, S-105, the poly-uridine-message, a mixture of ATP, PEP, and GTP, or pyruvic kinase was omitted. GTP was required for optimal activity, and its omission diminished protein synthesis by 37 %. Nonenzymatic adsorption of L-phenylalanine-U-'4C to cell protein can be excluded, since the complete incubation mixture assayed at zero time showed less than I % radioactivity associated with protein fraction. There were differences between systems from young and old peripheral hyphae at incubation periods up to 45 min. The peripheral hyphae from young colonies always incorporated more 14C from phenylalanine than did the hyphae from the older colonies (Fig. 4) . There was less overall incorporation of L-phenylalanine into aminoacyl-transfer RNA in the system from old colonies than from young ones (Fig. 5) .
The studies comparing the protein-synthesizing activities of heterologous and homologous systems, using supernatant and ribosomal fractions (14) . Ribosomal and supernatant fractions were inactivated when stored for more than 48 hr. The slow growth of the old R. solani colonies can be explained in part by aging phenomena in cells of peripheral hyphae. It is also possible that the factors responsible for defective protein synthesis in old colonies increased exponentially as compared with the linear fungal growth that was occurring (15) . Therefore, there would be a greater ratio of defective to normal protein synthesis in old than in young colonies.
The decrease in the size of the internal amino acid pool and the greater incorporation of amino acids into proteins in peripheral hyphae from young colonies, compared with old, is similar to the differences when cells of different ages are taken from colonies of this fungus that are still growing in the exponential phase (2, 6) . The data from Table 1 for the interchangeability of supernatant and ribosomal fractions of hyphae originated from colonies of different ages indicate that the soluble protein-synthesizing enzymes were responsible for limiting the amount of amino acids incorporated into proteins.
Recently Holliday (9) , studying clonal aging of other fungi, pointed out the possibility of an influence of a senescent hypha on a normal hypha and on mycelial growth. It is possible that some of the explanations offered for peripheral hyphae from R. solani could also be applied to clonal growth limitation in other organisms (8, 13 
